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A bstr a ct
La nd res ou r c e and e n viro n me ntal de cisio n makers requ ir equ antitativ einfo m atio n o nthe
spatial distr bution ofv egetatio ntypes and their c o nditio n, and ch angesin the se o vertin e.
Su ch v egetation m appng and m omito rlng is often requir ed to be undertake n quickly.
Re motely- sen sed satelliteim age ry, ln C Onjun Ction with otherdata so u rces, ha ve been used.to
s atisfythis n e ed.
T hispaperdescribe sthe uses ofs atelliteim agerybyr efe ren c etothre eregio nalm applng Proje cts
in Ne w Ze aland･ Thefir stproje ctdescri be sthe u s e of La nds atT M im ageryto m apfor e st,
sc r ub, pa stu ralandcroppingvegetatio ntype s. The s e c ondpr ojectc once ms thein n o v ativ e u s e
of S P O T im agery, c olo u rin虫
.
ar eda erialphotography andgro und obs erv atio nsto m ap perc ent
v egetatio n c overfo r adegraded rangeland. The r emaining Pr oje ctC O mbin esN O A A A V H R R
im agery with d ailyd airyfa r mpr odu ctio ndata, a s am ean s of m o nitoring s u stain abilitya nd
produ ctivity ofpasto ral 1a nd u s e･
I.0 Intr odtLCtio n
ln Ne w Zealand the c o n c ept ofe nvir o n 皿 e ntalm o nitoring and land- u se s u stain abilityfe atu re
pr omin entlyinlegislatio n, n anely the1991 Re s o u rc eM an age me ntAct (R M A), andpoucy
(M inistryfo rEn viron ment1995). T he R N Areqllire slo calgo v em m e nt n aturalres ou rce
m anage m e nt age n cies to ensu r ethatland u s eis s u staimable, and that any effe cts of land use
pra ctic e s ar e e n viron m e ntal1yacceptable･ To aid RNA co mplianc ewith respect to sustainable
la nd m anage m e nt, land res ourc e and ellviron m ental decision maker srequ lrequ antitativ e
info rm atio n on v egetatio ntype s andc onditio n, and cha ngesin the se o v ertim e･
Satelliteim ageryisideal lys uitedtothetask ofquickly provi ding v ege tatio ninfo r m atio n o v e r
la rge ar e as(Co ngalto netal. 1993,To wn she nd 1992,丑hrlich etal･ 1994). Since1982,im age ry
hasbe e n av auablein which a s ubstantialpr opordo n ofthe 皿ain やegetation types c anbe n ap ped
and m o nito red, e speciallyin rural ar e a s. Prin cipalso u rce sof datainclude the highspatial
res olution lmage ry fro m L andsat
T
sThe matic M apper(TM)and S P O T
r
sHigh Res olutio nV isible
(E R V)sen so r. Nu m e r o u sexa mple s ofapplication s of the s edata ca nbefo u nd in theliter ature:
tropical fo restcla ssiflC atio nin Mexic o(Gar cia andAIvar e z1994); m o nitoringfo r estdefoliatio n
byins e ctsin the U S A(Mu cho n ey a nd Haack1994);agricultu ral land us eclassific ationin
Fran ce(Hilland Megie r1988)
I
,
m apping vegetation cha nge son a c oastalenvir on mentin Ne w
Zealand(W ade19 92)･, and m onitoring and m odellingsemi- arid landsc ape re spo n se sto clim ate
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changein 也eU SA(Yuhu s and Gcctz1994)･ Forthe s e applications thedetailedvie w provi ded
bytheT Ma nd SPOT H R Vs e n s orshasbe e nessential1. Inparalle withthe exp andingr ange of
land re s o u r c e applic ations ofthes edata, the r eha s,in rec e ntyears, be e ninterestin the u se of
c oa rse spatialres olutio ndata丘o m s e n s or s u chastheNational Ocean ographic and Atm o spheric
A d min stratio n(NOA A)A dva ncedVe ryILghRes olution Radio m et er(A V H RR). Du etotheir
d ailyc o v erage, syn optic ov e rvie w and(low)data v olu m e sA V ⅡR R data a re u s ed in c r e asingly
forglob alandr egio nalland- c ove r studie sprincipaly(Ehrlich etal, 1994).
T hispaperde s cri be sthe use sofs atelliteim ageryin New Zealand for en viron m entaland land
s ustain ability pu rpo ses, by refer e n c et othr ee regionalpr ojects(s ee Fig1). Thefirstproje ct
de s c ribe sthe u se of La nds atT M im age ry and an eillarydata from age ographicinfo m atio n
syste m(GIS)to m apforest, s c rub, pastu raland croppingv egetatio ntypes(s e eSectio n2.0). T he
s econdproje ctC O n C em Sthe 血1 0Vativ e us e ofSPO T im喝ery' COlo urinfrar ed aeri alphotogr aphy
andground obse mtions to m ap perc en t v egetatio n c overfor adegradedr angeland(se eSection
3･0)･ The re m ai 血g pr oje ct(Se ction4･0)co mb hesN O A A A V H R R im age ry with d ai1yd airy
血 m production data･ as am e ans of m onitorings u stainability andproductivityofpastor al land
u se.
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Figur el･ NOAA -11m onthly c o mpo site vegetatio ninde xim age ofNew Zealand sho wing
lo catio nof the thr ee regio nalproJeCtSites.
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2･O Large ar e a v egtatio n m appingl uingL ands at T M im 喝 e ry
Nationaland lo cal debate ov er a Go v ern m ent-spons ored fo re strysche m e, designedto prev e nt
er osio ninthe830 00 0 he cta re Gisbornedistriqt(s e eFig1),highlightedthe ne ed for up-to -date
infor matio non v egetado nc o ver･ So m e of thedebate c o n ce r n
l
ed a m ajo rlandow n er wantingto
take adv antage of m oneta ryince ntiv e sto c on v e rt e ro sion -pr onelandtoprodu ction for estry･
M uch of the land w a sin variou s stages of r e v ersion to orlgln al indige no u sforest, aJld
en viro n m entalgro ups argued that thein c entiv esche m e shouldn otbe applied inthis c a se asthe
rev e rting vegetatio n co v e ralready prev e nted ero sio n･ To help r e s olv ethisissu e, land
m anagem e ntpolicy m akers w antedup-to-d･ate, qu antitativeinform ation o nv egetatio nc overin
the district, with a spe cial foc us o n a re as of re･v e rsion char a cte rised by kanuka(Ku nze a
e ric oides) and m an uka(Lepto spe r m um s c opa riu m).
Four maps ofv egetatio n, ata scale of 1:100 00, w ereprodu c ed by atlO m aticallyclassifying
January 1993 Lands atT M im agery･ By refe re nc etoinfo r m ation 丘o m earlier vegetation
s u rveys, lootraining polygo ns w e re u s edto characte risespectralsign atures･ A ma xi皿 u 皿
likeliho odclas sifie r w a su sed o nal1se v enTM ba ndsto map ele v en vegetationtypes. Toidenti&
gr o s sclas sific atio ne rror s, the cla ssified im age ry w as c ompared witha r asteris ed v ersion of
e xi,sting vegetatio ninform atio nfro m ageographicinform atio n system (G IS)databa s e. The
e xisting Vegetationinform ation wa s20years old･ Thr o ugh fieldcheckingthedis cr ep an cies w e re
con 血 m eda s either re al(ch anges)o r err o rsin classific a丘on . Corr ec tion ofthe e rr o rsin cr e a sed
the overallcla s si丘c ation a c cu ra cyfr o m84per c e nt to90per ce nt(Dym o nd etal. inpress).
In additon to the vegetatio n m aps,landplan n er sal or equir ed info rma:tio n oqthedistribtltion
ofv egetatio n a c cord ingtolandus e s uitability･ T he v egetatio n m aps w er eirlter S e Cted with land
s uitabilitydatafr o m a n atio nal la nd r es ou rc ein v e ntory G IS database(Eyles and Ne w s o m e
1990), andthe ar e a s ofe ach v egetatio n class o nthr e e criticaltypes of land suitability we re
calculated(seeTable 1)･ Altho ugh90perce nt ac c u racyishighen o ughtope rmitthe calculatio n
ofvegetatio n areas andto a chie v e an adequ ate repr ese ntatio nofregio n如v egetatio 叩 atte rnS,it
is not c o n side red highe n o ughtope mit thedigitalv egetation maptobe u s edas avegetation
database whe repol ntquerie s ar eimpo rtant, a s approxim atelylOper c ent of thepointqu erie s
w o uld be to tally w r ong･ Err o rs asso ciated withpointqueries sho uld beles sthan 5 per c en t,
ideallyle s sthan 2 pe r c e nt･ In su ch c a ses, detai led fields u rv eys of vegetation w o uld be
r equired.
3･O M appingdl ange SillPer c e ntV egetativ eco verllSingSPOT im agery
T he s emi- arid Ma cke n zie Basinin the central South Island(se eFigu r el)has signific antland
degradation attributed to drought, an e xplo sionin rabbitnu mbe rs, and o v e rgra zingbysheep
(Cuffand Dym ond 1994). .A Rabbita nd Land Ma nagem e ntPr ogr am m e w a sintroduced by
Go v e rnm e ntasthein stitutio nalrespon s e t ohes ee nvir o nm entalproblern s･ M omito rl ngSystem s
w e re r equir edtodete min e the effe ctiv e ne ss ofthisprogram m e. h dicators ofchangeha v e
be en rabbitn umbers andtraditional v egetatio nsu r v eys undertaken annual1yatala rge n u mber
ofsites(c･ 300). Re motely-s ensed s atellite dataha ve als obee n u sed a s am e ansto m o nitor
regio nalv egetatio nch ange s.
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Vegetatio n cla s s La nd s uitablefo r La ndsd tablefo r La nds uitablefo r
pastoral far ming c o n s e r v ation
farmingo r
p r odtlCtio nfore st
prote ctio nfor es;I
Fe mland 170 1160 150
Kan uka/m an uka 18700■ 38900 2 140
Se condaryfo rest 10500 16500 2 460
Podo c arDfor est 120 120 0
P rim a ryforest 20000 36700 35800
Bee ch forest 2900 7300 9900
Sub alpin ev egetatio n 90 150 870
Ex oticfor e st 28500 768 00 3 100
Pasture 239 600 2 27 800 6100
Ba r egr o u nd 14900 79 00 1340
W ater 50 0 6
Unde点ned 2310 147 00 110
Table1. Ar e a sin hectares ofv egeta:tion cla ss e s o nlandsuited fo rthre e c ritical 1and us esin
the Gisbo rn edistrict:.
Dym o nd et all (19 92)de v eloped a te clm iqu e, u sing SP O Tm ultispe ctral im age ry, to n ap
perc ent vegetativ e c overin the Macken zieBasin. Thiste chniqu ereliedon the establishm e nt
ofa rehtionshipbetween nor malised diffe rerLC e V egt血o ninde x(m VI)andpe rc entvegetative
co ver. T his relatio n ship wasderived from gro undc over m ea su 托 皿 e ntSfro m20 60m x60m
qu adra:ts whichrepresentedthe s oil and v egetatio npatte m sinthebasin. Spe cial1yflow n colou r
infrar ed 由ri alphotogr aphs, whichc o v er dthequ adrats, w er?usedtolo c atethequadratsinthe
SP O T im age s･ Therelatio n shipbetw e e nN D V IazLdperc entv egetative c o v e rw as e xpr es s ed
a s a simple n o n-linear calibr ation ctlrve(Se eFig2)
C=50tamb(6.1(N D Vエー0.22))＋50
wher eC is perce ntv egetativ e c o v erandtanh(x)≡(e xpx - exp(- Ⅹ))/(e xpx＋e xp(- Ⅹ))I The spr ead
of thequadr atpoints abo ut the calibration cu rv egive sthe a c c u ra cy ofa perc entage v egetativ e
c o v e rpredicted fro m the ND VI･ n thelin e a rpartof the c alibration c u rv e,the uppe r and lo w e r
pr edictio nli mits(80per c e ntc o nfiden c einter val)ar e ±15pe r ce ntco v e r･
Using也istechnique, Cuffa nd Dym o nd(1994)n appedpe rc e nt v egetativ e co verin 血eba sin,
for1987a nd 1990･ T heFebrua ry1987 im agery w asS P O Tm ultispe ctral. andtheJa ntl ary19 90
im age ry w as L andsatT M･ ･Compa ris on ofthe 1987and the1990per ce nt v egetativ e c o v e r
皿 age S W as u sedtoprodu c e a1:50000s calela nd c ov er change m ap. An alyses of the s atellite
im age spro videdoveralltre ndsin v egetativeground co v e rasw ella sthe abilitytodete rmin ethe
cha nge atthepixellevel. An as sessm en t ofthe changeindicated afo u rper c e ntde c re as ein
o v e rallvegetativ ecov e r, w hich w as consistent withthe pe rceiv ed de clinein land co ndition
du ringthis pe riod, T his confir m edthe u s efulne ss ofthis s atellitetechniqu eto pro vide a n
ov e rvie w ofv egetativ e c o v e r changes.
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Figu re2･ Calibrationplot ofper c e ntv egetation c o v e r vers u sN D V II Cro s s e sindic ate qu adrat
ploting po sitions･
4.0 A V ⅡR Rim age ryto m o nito r s u staiTlability andprodu ctivityofpa sto r a1la nd u s e
A n u mbe rof land m an agem e nt and enviro n n e ntalage n cie sin Ne wZeala ndarec o ncem ed about
land- use s u stain ability･ The pr odu ctiv e capa city ofthe land isin esc apablylinkedtoits
biophysicalc o ndition ･ T he c onditio n ofv egetatio n
- itsbio ma s s a ndphotosynthetic activ lty
-
pro vide sa direct m e as ur e of biophysicalsustainabilityin m a naged en viro n me nts･ N O A A
A V H R R data ha v ebe e n u sedto impr o v ethe mo nitoring of v egetation condit o n and
pr oductivity @r ow n and Stephens 1995)･ Containing alarge n umbe rof d airyfar ms, ther
W aikato r egion(se eFig. I)w asu s edforthe pr oject.
T he use of N O A A A V H R R datain agrlCultu ralstudie sglVe Srisetotw oproble m s:thelarge
gro und a re a c o v ered byea chpixelrelativetofieldsize, andthe collectio n ofadequategro und
data･ h th is study, actualpastu repr odu ctivity w as no t measured directly･ In stead･ daily mi 1kfat
productionfr o md airyfa - swa susedasaprodtlCtivitysu rrogate･ T he us e of mi1kfatproductio n
datapr o vides ate mporalandspa血1re s olutio nthatc ann otbelogis･tical1y obtained by pasture
-C ut
s amples･ As dairyfarm 血g ope ratio nsinNew Zeala nd a re us uallyloc ated in e xten siv e
are a s of
co ntlgu OuSpaStOralis m,thepix elsize v ers u ssize ofland unitproble mis ove rc o me･
The A V = R R im agery w astransfo rmedto radian c e, c o r r ected for atm o spheric effects uslngthe
5Scode(TaJ uietal. 1987), and resa mpledtolkm spEtialres olutio n･ An N D Ⅵim age w a s the n
calculated･ Im age s ofAV tIR Rchann els1and 4w e re als opr oduced for a clo ud ide ntific atio n
proc edu r e. In this proc edu r e,im agesha ving a thick clo ud laye rar e vis u auyide ntified and
disc a rded. Fo rthe r e m ainingim age ry, studysites(with inthe W ai kato region)w ere r ated for
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the effe cts ofs c atteredclo udtlSingthe r angein ch an nel 1pi x elvalu e sa sthe criterio n･ A m e an
ND V Iw a sthen determin ed for ea chsite,for e a chclo ud-fr eeday, andplotted agalnSt mi 1kfat
produ ctio n(s ee Fig3). Fらrthe1992/1993 la ctatio n, mi1kfatproduction andNDV Ie xhibited
asimilarpatte minthe studysite s
- bothpe akingin Springand declining ov e rSu m me r, withtw o
other sm allerplateau s andrises(attributableto rainfallev ents). T he se r e sults sho w aprobable
ca usalrelation betw een theA V H R R- deriv ed N D VIa nd milkfatprodu ctio n. Fa rm pr odu ction
m odels will be neededtoqu antifythe r elatibn shipfurther. W e arepres e ntlyu singsuc c e s siv e
years N O A A AVH RR data toimpr o v ethe r elatio nshipbetw ee npa stu re and mi 1kproduction,
in o rderto m onitorlandprodu ctivity･ This w orkals oinvolv e spa rtitio ningthe A V H R R im agery
with ancila ry GIS data, withwhich ho m ogen eouslandc ov e rtype sareidentified･
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Figu re3. M ilkfatprodu ctio na ndNO A AND V I fo r the1992
-93la ctationfor o ne ofthe site s
in the W ai kato reg1 0 n
S.0 Stl m mary
h these thr e ev egetation m apping Projects, re m otely- s e ns ed satelliteim age ry, l n c o njunctio n
wi thotherdatas ou r c es, ha sbe e nusedto helplandre sou rce and e n vir o n m ental de cisio n make rs
in Ne wZealand who ha v erequiredqua ntitativ einfo r m atio non v egetation type sa nd conditio n,
and changesin the s e overtim e.
A r ange ofan cillarydata s ou rc esw a s u sedtohelp cla ssify andcalibr ate s atelliteim agery. T he
data u sed v aried ac cordingtothe natur eofenvir on me n tal is s u e
'
, the a vailabilityand form of
existingdata;thetim efr amefortheproject;the availability and spatialandte mpo ralresolutio n
･of re m otely- sensed im agery; and the ty peof info r matio n required for land re so u rc e and
enviro nm e ntalplanning.
SP O Ta nd LandsatT M im age s a resuitable forproviding vegetatio nbas elin e and v egetatio n
cha nge info r mationin aqu antitative m an n e r･ Map pingS C ales r a ngefro m 1:50 000to1:100
000. llo w e v e r, the tim elin e s ofinform ation delive ry depe nds on a vai lability ofs uitable
im agery: Ne w Zealand dcM5S II Othav e an earthreso u rce s atellite r e c eivi ngStatio n, s o ISPre s e ntly
dependento nthe SPOTtape rec orde rto obtain highspatialres olutl O ndata･ T M datahas no t
been available sin c e19 94.
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Errors a sociated wi thsuch vegetation m applng a re acceptablefor c alculatingv egetation ar eas
and achie ving an adequ ate repres e ntatio nofr egionalv egetationpattern s andchanges,butar e
to o highto pr oduc edatabase s whe repointqueries areimpo rtant. NOA A im agery requ ires
ad dit o 皿alpre-Pr oce ssing(atm ospheric corre ctio n, clo ud-re m o val and c o mpositing(o ver
du r atio n sof 10-30 days))befor eit c an be considered u sefu l fo rregional ･and n ational
m o nito rl ng Ofthe sustain ability andpr oductivity ofpasto ral 1a nd use .
De spite theis sues of m apping a C C u ra Cy andim age ry availabilityin New Zealand,the use of
re m otely-s en s eds atelliteim agery providesthe o nlyc o st- effectiv e meansto obtain usefulland
coverdataforlarge ar eas. Thepromis e ofs o o n-to -be -launcheds atellite system s withsen s ors
reco rdinginthe visible, nearin丘ared and mi d
-infrared
,
a nd with on-bo a rdtape rec o rders a ugurs
w ell for the futu r e ope ratio nalu se of rem otely-s ensed data fo r vegetation m applng a nd
m onito n ng.
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